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A B S T R A C T   
Smallholder farmers mostly depend on agriculture for their sustenance yet the sector is threatened by changing 
climate. It is essential for smallholders to adapt to reduce their vulnerability. Estimating the economic effec-
tiveness of climate adaptation practices would enhance planning and actions among stakeholders and conse-
quently impact policy. This study conducted an ex-ante in-depth empirical analysis of the costs and benefits of 
implementing five climate adaptation strategies identified among smallholder horticultural farmers in Ghana. A 
total of 180 smallholder households who have implemented the identified practices in two horticultural crop- 
growing municipalities were surveyed. Profitability indicators, evaluation of environmental and social exter-
nalities were employed to comparatively estimate the cost-effectiveness of the practices. The results indicated 
that, from private and public perspectives, implementing any of the five adaptation practices would yield pos-
itive benefits. However, considering the capital required, payback period for investments made and risks from 
implementation, two out of the five practices are particularly fitting choices for the smallholders. Institutional 
and policy support is desirable if all the practices are to be adopted. To broaden information on potential of 
climate adaptation vis-à-vis climatic effects with economic analysis, the study proposes integrating localized 
climate vulnerability and economic assessments for enhanced climate adaptation actions.   
Practical implications  
Increasing awareness of the significant impact of climate vari-
ability and change on agricultural production in Africa has 
received increased interest in the scientific community on 
vulnerability and adaptation studies across the continent. The 
consequences of changing climate have negative impacts on 
agricultural production, particularly smallholder producers. 
Climate change is expected to interact with non-climate drivers 
and stressors to exacerbate vulnerability of agricultural systems. 
Although numerous potential adaptation options have been 
identified as a result of increase in research on vulnerability and 
adaptation, African countries are not fully adapting to climate 
variability and change. Our motivation for this paper is that, 
implications of vulnerability assessment outcomes show inability 
of assessments to guide decision support for adopting proposed 
adaptation responses identified. This shows the need to econom-
ically evaluate adaptation strategies identified as a result of 
vulnerability assessment to influence local level planning and 
actions on climate adaptation. Smallholder horticultural produc-
tion system in Ghana provides an appropriate case as vulnerability 
and adaptation studies have focused on major food crops with less 
attention paid to fruit and vegetable crops nationally. Assessing 
local level adaptation is critical for the development of measures 
that will improve linking knowledge and experiences of the 
farmers and other stakeholders in the sector in terms of adaptation 
practices. In two horticultural growing municipalities in Ghana 
(Keta and Nsawam), an appraisal method (Cost Benefit Analysis) 
that best provides analysis on gains and losses arising from an 
investment in adaptation options were employed. The conse-
quences of observed increasing temperature and decreasing 
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rainfall trends in the past two decades in the study locations affect 
farmers’ livelihoods. These include poor quality produce, yield 
losses, post-harvest losses and declined net revenue. Within the 
local context, the climatic trends guided the adoption of practices 
such as fertilization, supplementary irrigation, crop rotation, 
mixed cropping and intercropping as the five most important and 
common adaptive responses by farmers. Other soil, water and crop 
conservation measures as well as farm management practices 
could be identified. Although costs and benefits analysis of the 
first five adaptation strategies demonstrated in this paper in-
dicates that all five practices are economically effective and 
profitable both privately and publicly if adopted, evidence of the 
capital required, payback period for investments made and risks 
from implementation illustrates otherwise. Two out of the five 
practices - mixed cropping and crop rotation particularly appeared 
as choices most suited for direct adoption by horticultural small-
holder farmers in Keta and Nsawam municipalities. Intercropping, 
irrigation and mixed cropping requires relatively high investment 
costs, more than three years to pay back initial investment and 
present highest risks of failure if adopted. This gives the implica-
tion that promoting the latter three practices has to be cautiously 
considered and requires targeted and dedicated external institu-
tional, policy and stakeholders’ support. Further outcome 
demonstrate improved understanding into area-specific and sub- 
sector suggestions in adapting to changing climate. Economi-
cally, we provide insights into prioritization of cost-effective op-
tions that are accessible and affordable. Stakeholders including 
farmers, development organizations, government and policy-
makers can leverage on this study and better target investments in 
their planning and actions on similar adaptation options. Such 
appropriate and informed planning and actions on adaptation give 
greater implications for cost effectiveness of adaptation responses 
to facilitate the selection of available adaptation options. With the 
potential of further climatic changes occurring amid increasing 
scale of potential impacts, successful adaptation in future is 
essential. We encourage governments and other institutions to 
play their role in formulating and implementing programmes as 
well as support direct interventions that will promote and 
encourage adaptation efforts at the local level.   
1. Introduction 
Adapting to changing climate is inevitable for developing countries 
particularly in sub-Saharan Africa (SSA) due to consistent low adaptive 
capacities throughout the continent. Yet adapting to climate risks and 
their amplification resulting from climate change, is challenging 
because of the high dependence of populations on agriculture, of the 
high sensitivity of this sector to climate, and of the low adaptive capacity 
of most farming households (Millner and Dietz, 2015). For most econ-
omies in SSA, agriculture is the main source of income and food security. 
Consequences of changing climate such as reduced availability of water 
resources, declining soil quality and increased frequency of pest and 
diseases often impact negatively on the already vulnerable agricultural 
producers resulting in poor quality produce, yield losses and overall low 
net revenue (Williams et al., 2019). Phenomena that would increase the 
risk of soil erosion and vegetation damage such as frequent droughts, 
inconsistent torrential downpours and increasing temperature have 
been projected to challenge already vulnerable producers, predomi-
nantly smallholders (Below et al., 2010). In order to sustain and improve 
productivity despite the negative consequences of our changing climate, 
agricultural adaptation planning and actions supporting adoption by 
farmers are important. This requires considering uncertainty about im-
pacts of future changes to maximize opportunities of planning for 
climate variability and adapting to climate change (Bhave et al., 2016). 
Livelihood resilience to climate requires concerted efforts in 
committing time and resources to build meaningful adaptive capacity 
(Tongowona, 2017). Diverse strategies exist in responding to the effects 
of climate variability and change that also enhance sustainable 
livelihoods. However, efforts to adapt to existing and anticipated 
climate impacts are slowed by economic constraints calling for priori-
tization of options in terms of their cost-effectiveness (Cartwright et al., 
2013). It is increasingly agreed that poverty alleviation and develop-
ment are intrinsically linked to climate (Below et al., 2010, 2015), hence 
climate adaptation is considered a developmental effort, of particular 
relevance for smallholder/rural farming communities. There is an op-
portunity to improve climate adaptation information to assist develop-
mental planning of efficient strategies for sustainable and increased 
production. The regional aspect of the 5th Assessment Report of the 
Intergovernmental Panel on Climate Change (IPCC) noted with high 
confidence that, evolving national institutional frameworks across Af-
rica cannot yet effectively coordinate adaptation initiatives (Niang et al., 
2014). This implies that, at the local level, individuals, primarily 
farmers, are the main facilitators expending their own resources to cope 
and adapt to impacts of changing climate. Knowledge of the costs and 
benefits of implementing adaptation practices by farm households could 
be a defining factor for sensitization and scaling up and consequently 
support national planning (Tschakert, 2004). Given farmers (at indi-
vidual local scales) and governments (at various administrative levels) 
limited resources, it is essential to provide guidance for efficient allo-
cations among stakeholders and act on reducing their vulnerability. 
Widespread adoption of climate practices also presents business 
opportunities pending sufficient analysis of related trade-offs (Schroth 
et al., 2015). Assessing the economic profitability of practices has the 
potential to enhance households’ ability to adapt by concurrently 
increasing income and improving food security (Ng’ang’a et al., 2017a). 
Moreover, it determines the impact of those practices in terms of a time 
of return and livelihood levels achieved and maintained (Daigneault 
et al., 2016). Considering investment prioritization at multi-scale levels, 
Sain et al. (2017) noted that practices Cost-Benefit Analysis (CBA) has to 
take into account both private and public effects, through potential 
intervention, social and environmental values. Knowing that ecosystems 
(crop and soil biodiversity), human systems (e.g. water availability, 
health, social and political capital) as well as economic systems (costs, 
income and yield benefits) are interrelated and jointly affected by 
climate (OECD/FAO, 2016), studies employing economic analysis, 
specifically CBA, often lack of emphasis on the valuation of social and 
environmental impacts of practices (Sain et al., 2017; Ng’ang’a et al., 
2017a, 2017b; Cartwright et al., 2013). We recognize this challenge and 
explicitly attempt here to be inclusive of the full private and public 
potential of practices considered in order to enable investment 
prioritization. 
Ghana like other SSA countries is experiencing the impacts and ef-
fects of climate variability and change. During the last two decades for 
example, Ghana has suffered from severe droughts and floods with 
increasing temperature in all agro-ecological zones, affecting key 
development areas such as food security, water resources management 
and economic growth (USAID, 2011). Average annual temperatures are 
projected to increase by 1.0 ◦C–3.0 ◦C, with changes in annual precipi-
tation ranging from a 9% decrease to a 8% increase by mid-century and 
droughts are anticipated to become more frequent and more intense 
(Stanturf et al., 2011; USAID, 2011). The Government of Ghana (GoG) 
and other donor communities have begun recognizing vulnerability 
levels, and consequent adaptation priorities, so to integrate this 
knowledge into development and sectoral planning targeting climate- 
related challenges (GoG, 2015; USAID, 2011). The agricultural sector 
provides livelihood for over 50% of the population, dominated by 
smallholder farmers who are particularly vulnerable to seasonal climate 
variability (Williams et al., 2017a). According to the World Economic 
Forum (2014), up to 65% increase in projected losses due to changing 
climate could be averted, through cost-effective adaptation investment. 
Mainstreaming adaptation into sector-specific and local-level planning, 
through a number of considerate sub-sector measures, remain a central 
focus for government (GoG, 2015). 
As an understudied sector (Williams et al., 2018), horticultural 
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production in developing countries presently accounts for 98% of the 
production of fruit imports in developed countries. This study provides 
an in-depth sector-specific assessment of the likely economic profit-
ability of climate adaptation strategies for horticultural crop production 
in Ghana. Horticultural production presents growth potential in 
response to national, regional and global shifts towards diets richer in 
fruits and vegetables (Sthapit et al., 2012). Twenty-four potential 
adaptation practices available to horticultural producers have been 
recently identified (Williams et al., 2019). The strategies broadly 
constituted crop, soil, water and farm management responses to changes 
such as increasing temperature and rainfall variation, including 
droughts. Using evidence from smallholder producers in Ghana, this 
study aims to explore the following objectives: evaluating economic 
effectiveness – using CBA model - of the five most important climate 
adaptation strategies identified to respond to the changing climate in 
two smallholder horticultural growing municipalities (Keta and Nsa-
wam); examining the value of external effects related to implementing 
these practices; assessing how specific outcomes from the study can 
inform and improve adaptation of smallholder production systems and 
policy decisions. This context-specific study is particularly expected to 
inform the capacity to adapt to changing climate through improved land 
use management, being a key priority area of the national strategies and 
plans on climate adaptation in Ghana. 
2. Materials and methods 
2.1. Climate adaptation practices 
Adaptation is one of the important ways of reducing the impacts of 
climate variability and change (FAO, 2006). Apart from adapting to 
climate variability and change to improve the resilience of agricultural 
production, it is important for production practices to improve agri-
cultural productivity (Zinyengere et al., 2013). This would ensure food 
security and meet demands of the growing population. The adaptation 
practices considered in this study are described in Table 1. All the 
practices reflect autonomous strategies that are used by smallholder 
horticultural farmers. They have been adopted based on farmers 
experience of the practice relevance to reduce climate vulnerability and 
improve crop productivity. Although the identified practices are asso-
ciated with sustainable agriculture, they also increase the resilience of 
agricultural systems to climate impacts and have been repeatedly re-
ported as climate adaptation strategies as well (Fadina and Barjolle, 
2018; Kuwornu et al., 2013; Below et al., 2010; Easterling et al., 2007; 
Boko et al., 2007; FAO, 2006). Out of the twenty-four potential adap-
tation options identified by Williams et al. (2019), the following (see 
Table 1) were the first five most relevant strategies adopted by small-
holder farmers and also considered for this study. 
2.2. Study sites 
Data for this study was collected from two municipalities of Ghana, 
namely Keta and Nsawam Adoagyiri. Keta municipality is located in the 
Volta Region while Nsawam Adoagyiri is located in the Eastern Region, 
representing Coastal Savanna and Semi-deciduous forest agro-ecological 
zones respectively. Keta is about 160 km east from the national capital 
Accra and lies within longitudes of 0.30◦E and 1.05◦E and latitudes of 
5.45◦N and 6.01 N (GSS, 2014a). Nsawam is about 23 km south of Accra 
and lies within longitudes of 0.07◦W and 0.27◦W and latitudes of 5.45◦N 
and 5.58◦N (GSS, 2014b). Both municipalities experience bi-modal 
rainfall patterns with major and minor growing seasons, which 
comprise major horticultural producing areas in Ghana. Annual rainfall 
for Keta is about 800–1000 mm per annum and for Nsawam 1250–2000 
mm. Both study sites experience dry periods during a production year, 
ranging from 3 to 6 months and during which low rainfall affects crop 
production (Williams et al., 2017a). Mean annual temperature in Keta 
lies within 19–29 ◦C and 26–30 ◦C in Nsawam. 
Observed trends in total annual rainfall over the past two decades 
depict a decreasing rainfall of 5.4 mm/year for Keta and of 1.2 mm/year 
for Nsawam. In addition, mean annual temperature warms at a rate of 
0.03 ◦C/year for Keta and 0.02 ◦C/year for Nsawam (Williams et al., 
2019). Consequently, vulnerabilities of both municipalities are further 
stressed by this changing climatic exposure, when considering 
continued sensitivities and low adaptive capacities (Williams et al., 
2018b). Okra, pepper, tomato, onion, shallot, pineapple, carrot, water-
melon, pawpaw, garden egg and cabbage are the main crops cultivated 
in both municipalities. Table 2 illustrates those major crops, adaptation 
practices with local known effect, and the corresponding farm sizes 
associated. 
2.3. Research design and data collection 
Both primary and secondary data sources were used in this study. 
Primary data was collected with structured questionnaires through a 
Table 1 




Intercropping  • Introduction of a defined plant spacing system, including 
two or more crops in close proximity to one another, to 
efficiently use and maintain land, soil, water and other 
resources, as well as reduce proliferation of pests and 
diseases. 
Mixed cropping  • Growing more than one crop concurrently on the same 
piece of land during a production season into a farm 
where monocropping was being practiced previously to 
avoid complete loss of products during seasons of 
variable climatic conditions. 
Crop rotation  • Growing of crops in a defined sequence on a same piece 
of land, which involves a change in a crop each season/ 
year. For instance, alternating deep and shallow rooted 
crops and or addition of a leguminous/cereal crop to 
vegetable/fruit crops in a sequence to improve soil 
fertility and soil water availability for crops. 
Irrigation  • Improved irrigation efficiency through mechanization of 
irrigation systems, e.g. complementary use of sprinkler or 
water controller systems and water pumps, to improve 
efficiency particularly during dry periods in response to 
water limited availability (both surface and 
groundwater). 
Fertilization  • Integration of organic manure and inorganic fertilizers to 
improve nutrient availability to crops as well as retain 
soil moisture to increase resilience to rainfall variability 
during a production season. 
Source: Field survey 2018. 
Table 2 




Keta Municipality Nsawam Municipality 





















Mixed cropping Pepper, tomato, 




tomato, and onion 
2.40 ±
0.40 






onion, garden egg, 
beans, and maize 
1.60 ±
0.40 
Irrigation Pepper, tomato, 




onion, and carrot 
2.80 ±
0.40 










Source: Field survey 2018. 
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survey of farmers and key experts conducted between July and August 
2018. Prior to the main data collection, participatory validation work-
shop to validate and affirm the appropriateness and usefulness of the 
selected practices to reflect the study areas were conducted in both 
municipalities. A total of 43 representative stakeholders including 
farmers, agriculture extension agents and other experts from the Min-
istry of Food and Agriculture (MoFA) from the respective study sites 
were engaged in the workshop. Afterwards, a primary sampling frame of 
480 farm households implementing the practices and obtained from an 
earlier study on vulnerability assessment conducted in both study sites 
was used in the sampling process (Williams et al., 2018b). Using strat-
ified random sampling technique within the five selected practices; a 
sample of 180 farm households was selected for this study. Ninety 
farmers who apply at least one of the selected practices were identified 
and interviewed in each municipality. Information collected from the 
primary data included the demographic profile of the farmers, general 
information about adaptation practice, physical productivity and yield 
change from implementing a practice, costs of installation and mainte-
nance of a practice and prices of inputs and farm products related to a 
practice. Semi-structured questionnaires were used to collect informa-
tion from six experts on the external effects (externalities) relevant to the 
implementation of the adaptation practices. The experts were selected 
from the Ministry of Food and Agriculture and academic institution 
based on their background and experience with the five adaptation 
practices considered for the consequences observed/expected in terms 
of externalities. Information obtained included adaptation practices 
external feedback, values of the change in externalities with the corre-
sponding estimation of the monetary vale of each externality. Secondary 
data was sourced from existing international scientific and local/na-
tional literature. 
2.4. Cost benefit analysis 
Ex-ante Cost and Benefit Analysis (CBA) was employed to estimate 
the economic profitability of selected climate adaptation practices. CBA 
is a sustainable decision-making tool that informs the implementation of 
financially more effective and equitable projects (USAID, 2016). CBAs 
are generally used to assess profitability of alternative investments (Ray, 
1990). It is however acknowledged that uncertainty over climate, im-
pacts the efficiency of adaptation responses (Cartwright et al., 2013), 
which challenges the accuracy of estimations from CBA especially at the 
local level. In overcoming this challenge, it is important to note that, all 
practices considered in this study are considered ‘no regret’ options. The 
explicit implication is that the options considered are expected to result 
in social and/or economic benefits now and build future resilience 
irrespective of climate changing or not (De Bruin et al., 2009). A prob-
abilistic CBA approach was employed for this study unlike a conven-
tional CBA approach (also known as deterministic CBA) where single 
averages or mode values of economic variables are commonly used 
(Brent, 1996). Thus, the measurement of variability and uncertainty was 
incorporated in the computation of economic assessment indicators to 
avoid underestimating risk during adoption (Sain et al., 2017). Addi-
tionally, the temporal effect of adaptation was factored in the analysis to 
avoid confounding inefficiencies from long-term application of prac-
tices. The analysis contained herein was therefore based on differences 
in the flow of benefits and costs for climate adaptation practices’ life 
cycle, period starting from the adoption of a certain practice and ending 
when the practice is no longer considered effective (see supplementary 
material for each practices life cycle). At the end of an application’s life 
cycle, a practice is stopped or renewed. In the latter, likely improve-
ments/changes to the system is made. Given the relatively short time 
frame of life cycle, the impact of changing climate was not included in 
the assessment. However, influences of climate vulnerabilities was 
captured in the selection of the practice (Williams et al., 2019). 
Two economic profitability indicators were evaluated, the Net Pre-
sent Value (NPV) and the Internal Rate of Return (IRR). NPV is the 
incremental flow of net benefits produced by compared alternatives over 
a practice life cycle while IRR is the discount rate that makes the present 
value of the flow of future net benefits exactly equal to the initial in-
vestment (that equates NPV to zero) (Juhász, 2011). NPV shows how 
much wealth has been accumulated practicing an adaptation practice 
during its entire life cycle. IRR allows for comparison under different 
scenarios with a range of values to assess a practice’s possible profit-
ability’s The study used a discount rate of 27.5%, which is equivalent to 
the interest rate applicable to farmers when a formal loan is taken from 
the bank (BoG, 2018). A practice is considered profitable if the IRR is 
greater than the discount rate, hence the higher the IRR the more 
economically feasible a practice is. The NPV and IRR were calculated 
based on values (such as benefits flow, costs of machinery, inputs, ser-
vices, labour) from the household survey. The probabilistic CBA 
approach used in the study allowed the generation of the cumulative 
distribution function of the IRR from the existing alternatives given the 
probability that the adaptation practices adopted by the farmers are 
profitable (Anderson and Dillon, 1992). This was derived from the 
probability distribution of random variables using @Risk software to 
undertake Monte Carlo Simulation (Palisade Corporation, 2013). 
2.5. CBA model specification 
The unit of analysis for this study was per hectare basis at the farm- 
level and from the point of view of the farmers who adopt the practices 
(termed private profitability). However, the value of the impact of other 
external benefits resulting from implementing a practice such as a 
change in biodiversity, soil erosion control, increased water availability 
as well as other social impacts were separately evaluated (termed public 
profitability/externalities). Values for the externalities were included in 
the CBA estimation with details of its composition discussed in Section 
2.6. 
Private profitability estimation was set in two farm scenarios; not 
practicing the adaptation options considered (doing Other Practice - OP) 
and implementing at least one of the adaptation options (with Adapta-
tion Practice – AP). Eq. (1) indicates a flow of net benefits of replacing 
OP by an AP per hectare, which was used in the evaluation of private 
profitability. Taking the life cycle of the adaptation practices into 
consideration, the flow of incremental costs was taken from the flow of 
incremental gross benefits per hectare as done in other studies (Sain 
et al., 2017; Ng’ang’a et al., 2017a) and shown in Eq. (1). Incremental 
gross benefits were estimated by multiplying product price by the in-















Where Pdt = Price of commodity “d” in time t;ΔYAP− OPdt = Annual change 
in yield for “d” for AP compared to OP;ΔCAP− OPdt = Annual change in the 
cost of implementing an AP compared to OP;r = Discount rate. 
2.5.1. Variables used in the modeling – Benefit 
An assumption made in the CBA modeling was that all the practices 
considered were potentially assumed to positively improve soil fertility, 
improve crop water availability and reduce soil erosion among others. 
Such effects were believed to implicitly result in improved crop yield. 
Therefore in modeling the effect of climate adaptation practice on crop 
yield, a physical response pattern of yield in response to AP was 
assumed. It followed a linear plateau preceding a lag from installation 
and commencement of yield response, known as a Liebig Production 
Function (Beattie and Taylor, 1993) and depicted in Fig. 1. Stages in the 
characterization of the Liebig Production Function include initial 
implementation (t0) to start of increase in yield response (t1), from t1 
until physical response reaches maximum production (t2) then from t2 
when a linear plateau is attained until end of the practice life cycle (T). 
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Yf represents the most likely or estimated value of the final increase in 
yield related to the implementation of AP. Minimum and maximum 
values could be estimated to represent triangular distribution and depict 
variability in yield responses. Relative to the law of the minimum, the 
Liebig Production Function has been commonly applied in biological 
process modeling in other studies (Sain et al., 2017; Ng’ang’a et al., 
2017a, 2017b). 
Data obtained from the survey was used in modeling the physical 
response curve from the implementation of the adaptation practices. In 
this study, yield response from the annual crops studied showed that 
practices take a relatively shorter time (between one and two years) to 
be realized over a life cycle range of six and thirteen years (see sup-
plementary material). Yield before implementation of an adaptation 
practice (Yo); estimated final/most likely yield after implementation of a 
practice (Yf); possible minimum yield from a practice (Ymin) and possible 
maximum yield from a practice (Ymax) were all computed from the 
survey data. Market prices for the crops under study were also collected 
from the field survey. Together with the yield responses for both OP and 
AP, evaluation of private benefits from implementing a practice was 
conducted and incorporated in the CBA estimation. 
2.5.2. Variables used in the modeling – Cost 
In the CBA estimation, three major types of costs were evaluated and 
incorporated. These included installation, maintenance and operational 
costs. Installation costs are once-off outlays expended by farmers to 
cover expenses at the assumption of implementation of a practice. 
Farmers to ensure an adopted practice is sustained throughout its life 
cycle annually disburse maintenance costs. Operational costs are also 
costs incurred as a result of introducing a practice and specific to 
products/activities relevant to a practice (such as harvesting cost for 
specific product activities). Even though operational costs may not 
necessarily be incurred annually, because annual crops were covered for 
this study, all operational costs were computed yearly. All three types of 
costs covered more broadly the costs of equipment and machinery, in-
puts, services and labour. Prices of inputs and outputs computed into the 
CBA were assumed to be constants. 
2.5.3. Categorization of the cost and benefit variables 
A probabilistic CBA entails classification of all variables used in the 
CBA estimation as either non-random or random. Non-random variables 
usually have values evaluated at the average/mean or mode as variables 
had minimum variation across farm households regardless of options 
considered. Random variables on the other hand, constitute values 
evaluated across a range of possible values through cumulative distri-
bution frequency, as a representative of variation among farm house-
holds. Non-random variables considered in this study included the 
discount rate, life cycle for practices and market prices for crops. The life 
cycle of a practice and the market price for crops was based on the na-
ture of the practice under consideration and the study site respectively. 
Random variables for the study included the cost structure (installation, 
maintenance and operational costs) as well as crop yield responses. Due 
to the degree of uncertainty about the true values of cost and yield 
values resulting from differences in farming systems and technologies 
applied across farms, capturing these variables as random distribution 
was not plausible. Moreover, these variables determine the impact of 
implementing an adaptation practice and their estimations should be 
representative and as succinct as possible. Uncertainty associated with 
crop yield responses were estimated by assuming that, yield followed a 
triangular probability distribution as described earlier (Fig. 1) (Refer to 
data in the supplementary material). The shape of the probability dis-
tribution of the cost structures were automatically determined with 
@Risk software based on the survey data to generate best fit distribution 
(See supplementary data) (Palisade Corporation, 2013). 
2.6. Environmental and social externalities 
Benefits associated with an implementation of climate adaptation 
practices are not exclusive to economic profitability, improved and 
sustained productivity but also indirectly provide external benefits. For 
instance, evidence shows that adopting improved irrigation efficiency 
ensures improved soil moisture that surges water availability for crop 
production during dry production periods (Ndhleve et al., 2017; Nangia 
and Oweis, 2016). Diversifying crop rotations, mixed cropping and 
intercropping maintain ecosystem services by changing biodiversity and 
prevents a build-up of pest and disease infestations (Hassen et al., 2017; 
Himanen et al., 2016; Tiemann et al., 2015). Additionally, improving 
soil quality through integrating organic resources is reported to enhance 
the resilience of cropping systems to climatic impacts and mitigation of 
greenhouse gas (GHG) emissions derived from inorganic fertilizers 
(Roobroeck et al., 2015; Fairhurst, 2012). While such externalities or 
public benefits may not primarily be the focus of a CBA approach, they 
are considered important factors in achieving a holistic CBA benefit 
estimation. 
The study evaluated on-farm externalities associated with the five 
climate adaptation practices studied in the two localities. With varied 
external effects resulting from adopting the practices, experts selected 
five main externalities considered applicable and pertinent in the study 
areas (Table 3). In computing and evaluating the economic benefits from 
the externalities, the contingent valuation method was employed. This 
involves using a weighted amount of change in the externality as a result 
of the introduction of a practice and shadow price of the external effect 
(Sain et al., 2017). Shadow price estimation involved a market proxy 
reflecting the willingness of society to pay for an externality (Lera-López 
et al., 2014; Ray, 1990) as applied in other studies (Sain et al., 2017; 
Ng’ang’a et al., 2017a). Information for computation of external effects 
was provided after consultations with key experts and officers from 
academic and agriculture institutions and literature during the 
fieldwork. 
2.6.1. Estimation of the external effects 
We could not estimate the external impact of the practices of all 
identified externalities particularly those indicating ‘no significant 
impact’ (Table 3). This is because, although there could be some po-
tential impact related to these externalities, due to the limited impact 
noted by experts and corresponding lack of data to enable estimations, 
all non-significant impacts were not evaluated. Details of the valuation 
are discussed below. 
2.6.2. Improved water availability 
The two study areas experience dry periods ranging between 3 and 6 
months in a production year. During critical growth stage, this affects 
crop productivity hence water availability plays an important role in 
Fig. 1. Linear response function of yield in response to implementing an 
adaptation practice. 
Adapted from Beattie and Taylor (1993). 
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smallholder production activities. Experts were asked to estimate the 
volume of water (in m3) that could be made available per hectare in a 
period of one year by an adaptation practice over farmer’s other prac-
tices. This was estimated as a percentage of the amount of run-off water 
per year as provided by experts. Employing the contingent valuation 
method, the value of water was estimated at an average of US$0.52 m− 3. 
The product of the change in water available per unit per year and the 
shadow price constituted the value of improved water availability from 
a considered practice. 
2.6.3. Controlled soil erosion 
Soil erosion is reported to be depleting topsoil resource base and 
contributing to the loss of soil nutrients (Fairhurst, 2012). Crop and soil 
management practices are noted to reduce erosion through decreased 
run-off avoiding crust formation and improving soil porosity and infil-
tration rates (Nearing, 2013; Fairhurst, 2012). In its valuation, experts 
estimated the amount of soil erosion reduced per hectare of land in a 
year resulting from the adoption of adapted practice compared to a non 
adapted other practice. The value was assumed to be related to the 
amount of contaminants (in kg) such as agro-chemical loss applied as a 
result of the negative effects associated with soil erosion. The price of 
agro-chemicals was multiplied with the percentage change of losses to 
obtain the value of change in crop rotation. 
2.6.4. Improved crop biodiversity 
According to literature, attempts have been made in Eastern Africa 
and Southern America to employ farm level land-use scores to quantify a 
change in crop biodiversity (Henry et al., 2009; Pagiola et al., 2007). 
Food crops were assigned lower scores while forestry vegetation/pri-
mary forests were assigned high scores because forests provide diverse 
crop biodiversity benefits (within an index range of 0–1.6 from both 
studies). Due to comparable data limitation in West Africa and Ghana, 
under a similar principle, experts estimated the percentage change in the 
number of crop plants from the land-use change over farmers other 
practices. A willingness-to-pay method was further used to estimate the 
price per unit change to derive the value of crop biodiversity. The ex-
perts estimated this average price at US$10. 
2.6.5. Improved soil biodiversity 
Change in soil biodiversity was related to soil fertility and assumed to 
be the amount of nitrogen fixed per hectare per year by leguminous 
crops and other decomposing organic manure affected by a climate 
adaptation practice. This represented changes in soil fertility due to the 
implementation of a climate adaptation practice over farmers other 
practices. The amount of kilogram of nitrogen fixed per hectare per type 
of leguminous crop was obtained from the literature (Ng’ang’a et al., 
2017a). Experts estimated the amount of change resulting from an 
adaptation practice, leading to an average price per kilogram of nitrogen 
gained of US$0.43 (equivalent to the market price of a kilogram of 
nitrogen fertilizer). Soil fertility benefit per hectare was valued as the 
product of a change in nitrogen gained and the shadow price. 
2.6.6. Social impact 
Social impact stemmed in this study from a potential increase in 
employment resulting from the implementation of a climate adaptation 
practice compared to a non adapted practice. Change in labour utiliza-
tion was obtained from the survey data from installation, maintenance 
and operation activities. A price of US$6.29 (average cost of labour at 
study sites) was used to multiply the change in labour per practice per 
hectare to get the value of social benefits 
3. Results 
3.1. Cost flow 
Results from the study show that, except for irrigation, all the 
adaptation practices had relatively low installation cost in both study 
areas (Fig. 2). Cost of implementing irrigation in Nsawam (US$ 4,620) is 
close to twice that of Keta (US$ 2,010). Beside irrigation, Keta had the 
highest implementation cost for intercropping (US$ 470) and crop 
rotation (US$ 126), while Nsawam had the highest cost for fertilization 
(US$613) and mixed cropping (US$ 120) (Fig. 2). 
Regarding maintenance, the results show that Keta’s costs were the 
highest for irrigation (US$ 605) and medium for mixed cropping (US$ 
179) and intercropping (US$ 245) practices (Fig. 3). Nsawam on the 
other hand, has medium maintenance cost for intercropping (US$ 309) 
and fertilization (US$ 308) while low cost for crop rotation (US$ 
Table 3 




Improved water quality Reduced soil erosion Improved crop biodiversity Improved soil 
biodiversity 
Social impact 
Intercropping No significant impact Enhances water infiltration and 
slow run-off water 
Medium increase in plant 
species per unit area 
No significant 
impact 
Medium increase in farm 
labour employment 
Mixed cropping No significant impact Enhances water infiltration and 
slow run-off water 
Medium increase in plant 
species per unit area 
No significant 
impact 
Medium increase in farm 
labour employment 
Crop rotation No significant impact Enhances water infiltration and 
slow run-off water 
Medium increase in plant 
species per unit area 
Increase soil 
fertility 
Medium increase in farm 
labour employment 
Irrigation Increases soil moisture 
availability 
No significant impact Medium increase in plant 
species per unit area 
No significant 
impact 
No significant impact 
Fertilization Increases soil moisture 
availability 
Enhances water infiltration and 
slow run-off water 
Medium increase in plant 
species per unit area 
Increases soil 
fertility 
No significant impact 











































Fig. 2. Implementation cost of the climate adaption practices.  
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104.90), mixed cropping (US$ 95) and irrigation (US$ 145) practices. 
In terms of operational cost, Nsawam had the highest cost of oper-
ating mixed cropping (US$ 623), fertilization (US$ 531) and crop 
rotation (US$ 550) with medium cost for intercropping (US$ 397) 
practices and irrigation (US$ 483) (Fig. 4). Keta also had the highest 
operational cost for adopting crop rotation (US$ 585) and irrigation (US 
$ 513) practices and medium cost for intercropping (US$ 306) mixed 
cropping (US$ 456) and fertilization (US$ 404). 
3.2. Private profitability of adopting practices 
All climate adaptation practices studied were profitable over their 
life cycles. They had positive NPV and IRR greater than the discount rate 
applied in the analysis (27.5%) (Table 4). NPV sums the value of 
enhanced yield and reduced labour minus cost flow values. Details of 
estimated values of enhanced yield per crop per practice are included in 
the supplementary material. The NPV for all the practices in Keta ranged 
between US$ 438 and 1682 and IRR from 34 to 157%. The payback 
period was from 2 for mixed cropping and crop rotation to 6 years for 
irrigation. Nsawam had an NPV ranging from US$ 176 to 1935 and an 
IRR ranging from 29 to 160% with a payback period ranging from 2 to 7 
years. The indication is that, if any of the five climate adaptation 
practices studied were to be adopted there should be positive economic 
returns for the farmer. Fertilization and irrigation in both municipalities 
had relatively lower profitability (Table 4). The IRR in both cases were 
marginally higher than the discount rate. It would take for instance a 
period of 6 and 7 years in Keta and Nsawam respectively for farmers to 
realize an increased income from adopting irrigation after pay back of 
the initial investment. Fertilization in Keta also requires a significant 
time of 5 years to pay back the initial investment. The rest of the prac-
tices require 2 to 3 years to make an impact in terms of economic returns 
except intercropping in Keta that require 4 years payback (Table 4). 
The probability distribution of the IRR for the adaptation practices is 
summarized in Table 5. This further represents the profitability risk 
associated with implementing an adaptation practice. The respective 
distribution graph for each cumulative distribution function is presented 
in the supplementary material. The results show that, when intercrop-
ping, mixed cropping and crop rotation are adopted; it presents a min-
imal financial risk to the farmer in a given year within the practice’s life 
cycle (Table 5). On average, a farmer receives profitable returns and the 
financial risks to the farmer would be minimal. However, adopting 
irrigation and fertilization shows a significant level of risk in both mu-
nicipalities (Table 5) 
3.3. Environmental and social externalities 
Adoption of the climate adaptation practices resulted in further 
external benefits (externalities) related to environmental and social 
benefits as earlier depicted in Table 3. Estimated average values of 
benefits associated with the externalities from Monte Carlo Simulation 
are shown in Table 6. According to the results, improved water avail-
ability, as a result of adoption of the five practices, had the highest 
benefit across all practices in both municipalities with an average value 
of US$ 24 ha− 1 year− 1 in both Keta and Nsawam. This was followed by 
social impact ensuing from an increased demand for labour. The average 
benefit was US$ 17 and 18 ha− 1 year− 1 for Keta and Nsawam respec-
tively. Average benefits from better management of soil erosion as a 
result of adopting the five practices was US$ 5 ha− 1 year− 1 for Keta and 
US$ 3 ha− 1 year− 1 for Nsawam. The benefit associated with improved 
soil fertility (soil biodiversity) is US$ 5 and 4 on average ha− 1 year− 1. 
Increased crop biodiversity are the same in both municipalities at US$ 2 
ha− 1 year− 1. Improved water availability was mainly from irrigation 
and fertilization practices while social impact mainly came from mixed 
cropping. Improved biodiversity and soil erosion was almost evenly 
distributed across the practices (Further details can be found in the 
supplementary material). 
3.4. Pubic profitability of climate adaptation practices 
Social net benefits arising from the inclusion of the externality values 
into the CBA estimation are presented in Table 7. Social Net Present 

























































































Fig. 4. Operational cost of the climate adaptation practices.  
Table 4 















NPV IRR PP NPV IRR PP 
Intercropping 487 54 4 862 78 3 
Mixed cropping 1682 157 2 1698 117 2 
Crop rotation 1535 123 2 1935 160 2 
Irrigation 544 34 6 176 29 7 
Fertilization 438 35 5 259 31 3 
Source: Field survey 2018. 
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to the implementation of the climate adaptation practices. For the five 
practices, the SNPV range is between US$ 486 and 2,513 in Keta mu-
nicipality and US$ 304 and 2,907 in Nsawam municipality (Table 7). 
The respective Social Internal Rate of Return (SIRR) ranges between 36 
and 363% for Keta and between 30 and 282% for Nsawam municipality 
(Table 7). Importantly, values for the public profitability indicators 
(SNPV and SIRR) are higher than values obtained for the private prof-
itability indicators (NPV and IRR) indicating a positive impact of 
implementation of the adaptation practices on society and the envi-
ronment. For instance, average labour increase by 8 and 11 man-days in 
Keta and Nsawam respectively, can directly be seen as improved labour 
and employment conditions and a public profit of US$50 in Keta and US 
$72 per hectare in Nsawam (Table 8). 
4. Discussion 
4.1. Economic effectiveness of adopting climate adaptation practices 
All five practices studied are economically effective with positive 
NPVs (profitable) which makes them worthy for farmers to invest in and 
implement. However, their prioritization is not definite. In a more 
pragmatic context, it is important to acknowledge that farmers consider 
the efficient allocation of their resources, in consideration of a larger 
number of alternatives and constraints. Therefore, consideration of the 
time benefits take to be realized after adoption of a practice (the 
Payback Period) become a highly valuable information. Any payback 
period longer than two years is problematic for a smallholder farmer, 
whose subsistence/livelihood can be affected at a seasonal/annual time 
scale. Practices that realize benefits after a year or two from imple-
mentation would likely be preferred by smallholder farmers as least 
affecting their sustenance. Mixed cropping and crop rotation only pre-
sent payback period of two years in both municipalities, all other real-
izing benefits after two years. Mixed cropping and crop rotation had a 
high IRR and a low implementation cost. They require less imple-
mentation costs and decrease the amount of inputs used, hence poten-
tially further increase profit. Also realizing into a low risk of deficit, both 
practices are expected to produce economic returns within their life 
cycles. Mixed cropping and crop rotation therefore appear as choices 
most suited for direct adoption by horticultural smallholder farmers in 
Keta and Nsawam municipalities. Mixed cropping would be the stron-
gest choice for Keta and crop rotation for Nsawam. 
Table 5 
Summary of average IRR probability distribution as a result of the different 
climate adaptation practices.  
Adaptation 
Practice 
Summary probability distribution of IRR results 
Keta Nsawam 
Intercropping The practice is profitable to the 
farmer with more than 90% 
probability that, the estimated 
cost of capital will be between 
27.5% and 74%. There is a 5% 
probability of getting an IRR 
above 74%. There is low risk 
(2%) of getting an IRR below 
the discount rate applied (27.5). 
The practice is profitable to 
the farmer with about 94% 
probability of the estimated 
cost of capital been between 
27.5% and 104%. There is a 
5% probability of getting an 
IRR above 104%. There is no 
significant probability of 
getting an IRR below the 
discount rate applied (27.5). 
Mixed 
cropping 
The practice is highly profitable 
to the farmer with about 95% 
probability of getting an IRR 
between 27.5% and 214%. 
There is a 5% probability of 
getting an IRR distribution 
above 214%. There is no 
significant probability of 
getting an IRR below the 
discount rate applied (27.5%) 
hence no risk of farmer losing 
money. 
The practice is highly 
profitable to the farmer. A 
high probability (95%) exists 
of getting an IRR between 
27.5% and 158%. There exist 
5% probability of getting an 
IRR above 158%. Only 0.3% 
likelihood of getting an IRR 
below 27.5% exists which 
represents no risk of farmers 
losing money from this 
practice. 
Crop rotation From an economic point of 
view, this practice is highly 
profitable to the farmer since 
there is 95% probability of 
getting an IRR above 27.5% 
with no significant risk of going 
below this. 
The practice is highly 
profitable to farmers with a 
95% probability of getting IRR 
above 27.5% and even 5% 
probability of getting above 
225%. No significant risk of 
getting lower than 27.5% IRR 
exists. 
Irrigation About 84% of the average IRR 
will be between 27.5% and 
47%. A 5% probability exists of 
getting a value above this. The 
results however, show a 
likelihood of farmer’s losing 
money, as there is close to 16% 
probability of getting an IRR 
below the discount rate. 
About 60% of the distribution 
of the IRR falls between 27.5 
and 39% with a 5% 
probability of getting above 
this value. However, 
investment in this practice 
poses a significant risk to 
farmers at Nsawam as there is 
a 35% probability of getting 
an IRR below the discount 
rate, and making a deficit. 
Fertilization Implementing this practice in 
Keta municipality shows some 
risk of farmers’ losing money, as 
there exists a 13% probability of 
getting an IRR below the 
discount rate. The rest of the 
distribution however shows an 
average of 82% probability of 
getting an IRR between 27.5% 
and 48%. 5% of the distribution 
lies above the 27.5% value. 
The distribution shows an 
average of 68% probability of 
getting an IRR between 27.5% 
and 44%. However, from an 
economic point of view, there 
is a significant probability 
(27%) of getting an IRR below 
the 27.5% value and quite a 
risky practice. 
Source: Field survey 2018. 
Table 6 
Simulated estimation of external benefits.  




Keta Nsawam Keta Nsawam Keta Nsawam 
Improved water 24 24 22 22 26 26 
Crop biodiversity 2 2 2 2 2 2 
Soil biodiversity 5 4 4 3 6 5 
Reduced soil erosion 5 3 4 3 6 3 
Social Impact 17 18 16 17 19 20 
Source: Field survey 2018. 
Table 7 
Estimated indicators of public profitability of adopting climate adaptation 
practices.  
Adaptation Practice Social Net Present Value 
(SNPV) 
Social Internal Rate of Return 
(SIRR) 
Keta Nsawam Keta Nsawam 
Intercropping 603 1,012 61 90 
Mixed cropping 2,513 2,907 363 282 
Crop rotation 1,936 1,989 122 166 
Irrigation 747 379 37 30 
Fertilization 486 304 36 31 
Source: Field survey 2018. 
Table 8 
Estimated impact on labour due to adoption of climate adaptation practices.  
Adaptation Practice Labour (man-days) Labour value (US$) 
Keta Nsawam Keta Nsawam 
Intercropping + 4 + 6 + 25 + 38 
Mixed cropping + 34 + 50 + 214 + 315 
Crop rotation + 2 + 1 + 13 + 6 
Irrigation 0 0 0 0 
Fertilization 0 0 0 0 
Source: Field survey 2018. 
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Implementation of intercropping can also be of interest to the 
smallholder farmers in relation to the IRR and risk distribution but has a 
higher payback period of 4 and 3 years for Keta and Nsawam respec-
tively. This relates to the fact that intercropping was one of the practices 
with the highest implementation and maintenance costs. Relatively, 
irrigation and fertilization require large capital for investment (for 
equipment and machinery) and maintenance (for accessing limited fresh 
water for irrigation and organic fertilizer) in both municipalities. Both 
practices also require significant amount of time (between 3 and 7 years) 
to repay initial investment and impact positively famer’s income. 
Furthermore, distribution of the profitability indicators presents signif-
icant risks in the two practices’ ability to consistently maximize ex-
pected net benefits within its life cycle. These practices may hence not be 
readily adopted and/or upscaled for use by smallholder producers due to 
its resource and cost requirements. Subsequently, this would affect 
enhancing implementation of climate adaption actions at the local level 
by smallholders. In horticultural production, climatic variability is a 
major factor impacting crop development process and affecting the 
quantity and quality of outputs produced (Malhotra, 2017; Deuter, 
2008), leading to significant reduction in crop revenue. Conversely, 
horticultural producers are interested in practices such as intercropping, 
irrigation and fertilization which offer increased resilience to climate 
variability through improved crop water availability, increased soil 
health (moisture retention and temperature regulation) and increased 
nutrient availability during crop production (Williams et al., 2018b). 
Given the higher risk of failure, long payback period and limited value of 
those practices for smallholder horticultural farmers, their adoption 
needs external institutional and policy support. To ensure food security, 
sustaining horticultural production and reducing sensitivity to climate 
vulnerability, adapting is becoming more pressing. While a few practices 
are directly available and attractive to smallholder farmers, providing 
enabling conditions for those and for the uptake of less attractive options 
in the private sphere is paramount. Irrigation, fertilization and inter-
cropping are such risky practices with long pay back period, yet greatly 
attractive on the public/social sphere (e.g. employment, environmental 
sustainability) and may be achieved through public sector necessary 
support and actions. Direct interventions and regulatory measures 
including reducing the interest rate on credit; improved access to pro-
duction inputs and credit; subsidization of prices for implementation 
equipment and machinery; short-term livelihood diversification options; 
risk insurance; institutionalizing water pricing and secured land use 
tenure, should be provided to mobilize local capacity for implementing 
such practices. 
4.2. External impacts of implementing climate adaptation practices 
Creating a system that is more climate resilient through improved 
adaptation actions also facilitate substantial ancillary effects (Chamb-
wera et al., 2014). Thus, adaptation actions yield benefits other than 
direct financial benefits. Number of studies have argued for the explicit 
consideration of externality values as a factor in decision-making and 
selection of climate adaption investment (Viguié and Hallegatte, 2012; 
Kubal et al., 2009). Beside the aggregate CBA calculations in this paper, 
computed/assessed values for respective externalities showed that all 
climate adaptation practices had an impact on the connected environ-
ment and society. There were improved ecosystem services through 
biodiversity conservation, notably from adoption of any of the five 
practices. Irrigation and fertilization improve water availability and 
proficient use of water through efficient water management and reten-
tive nature of the soil fertility practice adopted. The inclusion of inor-
ganic manure increases soil organic matter. Practices such as 
intercropping, crop rotation and mixed cropping controls soil erosion by 
preventing excess nutrients and chemicals from leaching away (Hassen 
et al., 2017; Tiemann et al., 2015). It also requires the use of additional 
labour, which positively translates into additional employment oppor-
tunities for individuals, especially in local vulnerable groups (i.e. the 
youth and the women). These effects consequently have a positive 
impact on the Social Net Present Value (SNPV) and Social Internal Rate 
of Return (SIRR) of all the practices. 
Changing climate is expected to decrease both surface and ground-
water availability and reduce soil moisture resulting in an increased 
evapotranspiration and decreased crop water availability (Ndhleve 
et al., 2017; Nangia and Oweis, 2016). Water management practices 
should be considered as an important adaptation strategy that small-
holder farmers would have to adopt. Moreover, improved water avail-
ability had the highest benefit and impact as an externality mainly from 
irrigation and fertilization practices. These two practices however had 
the greatest risk of being unprofitable economically for farmers’ uptake 
challenging increasing adoption and upscale. Nonetheless, they are 
worth investing into where enhancing development or adapting to 
drought conditions is the priority. Climate-related challenges such as 
droughts, floods and increasing temperature have been recognized in 
both studied municipalities (Williams et al., 2018b). Efforts on devel-
opment and sectorial planning by the Government of Ghana (GoG) and 
other development agencies/planners emphasize mainstreaming 
vulnerability and adaptation knowledge (GoG, 2015; USAID, 2011). 
Since fertilization and irrigation practices can help to adapt to the 
climate-related challenges already identified, the inclusion of their ex-
ternality benefits thus strengthens a case for public support. In addition 
to the other three economically feasible climate adaptation practices, 
targeted and dedicated institutional and policy support from the broader 
society would make irrigation and fertilization more attractive to 
external investment, which in turn would improve both on-farm and the 
public good (enhanced ecosystem services). 
4.3. Consequences of the economics of adaptation practices for planning 
and actions 
Acknowledging that access to relevant knowledge and information is 
key to the ability of farmers to adapt to climate variability (Challinor 
et al., 2007), the major factors considered when making investment 
decisions and possibly upscaling a practice, is profitability. In Ghana for 
instance, benefits from a practice is an important factor in influencing 
households’ adoption of best-bet agricultural practices (Akudugu et al., 
2012; Challinor et al., 2007a, 2007b, 2007c). In policy planning and 
decision-making particularly, the major concerns are whether a practice 
would be providing private (individuals) and public (community) ben-
efits (Sain et al., 2017; Chambwera et al., 2014a, 2014b, 2014c). Even 
though this study only investigates cases limited to Ghana and horti-
culture, results give insights into decisions requiring multi-criteria 
considerations, including economic, social and environmental. It in-
forms on the costs and benefits associated with a practice (showing that 
not implementation of all the five practices is costly); the relevance of 
time; the definition of risk associated with adoption; the external and 
social benefits resulting from adoption and the role of various actors 
(private or public). For example, initial capital requirement for irriga-
tion is enormous in both municipalities, mostly due to the long distances 
covered from farm to fresh water sources. However, due to increasing 
salinity in the coastal area such as Keta, maintaining irrigation after 
investment costs twice as much as Nsawam. In the case of fertilization, 
limited access to organic manure in Nsawam significantly increases the 
cost of maintaining fertilization. The refined assessment of payback 
periods, externality benefits and actors involvement for the considered 
practices, allow for more accurate understanding of the potential of each 
practice and guide the selection of the best bet practices to adopt in 
consideration of private or public sphere. This subsequently provides 
critical information that would also improve planning of climate adap-
tation actions. In the local context of Keta and Nsawam municipalities 
and as a means of providing evidence-based information for decision- 
making and policy support, this study provides private and public eco-
nomic justification and evidence that can be used as basis for upscaling 
and providing extra support for implementation of the practices 
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identified. Alternatively, results from the CBA could inform potential 
development agencies/planners/donors who would like to invest in 
climate adaption or resilient horticultural production in the study mu-
nicipalities and Ghana, and beyond where a strong private versus public 
contrast shows. 
Debates about the impact of local level CBAs on global and national 
policy decisions exist. This largely arises from uncertainties linked to 
downscaling climate change at local level, its impacts and consequences 
for global and national adaptation (Ziervogel et al., 2008). Costs and 
benefits analysis is argued to be location-specific and requires localized 
impacts and detailed geographical knowledge of climate vulnerability 
and impacts, which result from relatively high uncertain climate pro-
jections (Refsgaard et al., 2013). Despite such challenges, the advantage 
of numerical segregation resulting from the local use of CBA is offering 
efficient investment-planning information in the face of climate change 
(Chambwera et al., 2014; Reid et al., 2013). Given acknowledged limi-
tations, such approach could form the basis for later replication towards 
upscaled information at national, regional or global scales. For instance, 
a World Bank’s unique two-track approach of parallel comparison of 
national and global adaptation costs revealed that, local costs for 
strengthening infrastructure against windstorms, precipitation, and 
flooding were about 10 to 20% higher compared to disaggregated global 
estimates (World Bank Group, 2010). This was due to the ability of 
country-level studies to consider at least some socially contingent im-
pacts. Another study has also shown evidence of under-investment in 
adaptation when considering global estimates only of the need for 
adaptation funds (Das, 2009). This reflects the necessity for local level 
physical attributes to be explicitly accounted for when assessing adap-
tation funding. Such necessity has otherwise been highlighted as a pre- 
requisite to enhance climate adaptations and to reduce vulnerability 
(Antwi-Agyei et al., 2015). The challenge of climatic uncertainty could 
be managed through localized vulnerability assessments, that can in 
turn closely inform and guide adaptation practices recommended from 
CBA estimations. From another perspective, most local level adaptation 
strategies currently follow ‘no-regret’ conditions (Niang et al., 2014) (as 
in this study) so that economic and social benefits are minimal realiza-
tion under a future least possible conducive situation. Open disclosure 
and full understanding of limitations of the methodological approach 
employed is critical, and is required to transparently guide the use of 
local level CBA which could play a role in informing national decision 
making (Scrieciu et al., 2013). 
4.4. Conclusion 
This study evaluated the value of explicitly using costs and benefits 
analysis in the adoption considerations of five climate adaptation 
practices in two horticultural growing municipalities in Ghana. Private 
and public profitability and risk were analyzed. The study suggests that 
any of the five-climate adaptation strategies yield positive benefits and 
are economically profitable. The adaptation practices if adopted would 
also favor positive environmental and social impacts. While mixed 
cropping and crop rotation were low-cost practices, intercropping, irri-
gation and mixed cropping require relatively high investment costs. Cost 
of implementing irrigation was the highest among the practices studied. 
In Nsawam municipality, cost of capital required to implement irrigation 
was twice as much as in Keta, while in Keta cost of maintaining irriga-
tion was twice as much as in Nsawam. Concurrently, while mixed 
cropping and crop rotation required two years to pay back investment 
costs on average, the other three practices required more than three 
years and presented highest risks of failure if adopted. Promoting 
intercropping, irrigation and fertilization in Keta and Nsawam munici-
palities therefore needs to be cautiously considered and likely requires 
targeted and dedicated external institutional and policy stakeholders’ 
support. 
The study also clearly advanced risk dimension and non-monetary 
ancillary benefits associated with the implementation of the climate 
adaptation strategies. These advanced considerations need to be 
included in economic analyses of adaptation options in order to ensure 
robust economic evaluation. It also supports decision-making on selec-
tion of the adaptation options and guide efficient allocation of scarce 
resources. Market prices were assumed to be constant in this analysis, 
and future studies could benefit from considering the market’s dy-
namics. Limited data and climate uncertainties remain major challenges 
for economic assessment at local level, and need to be acknowledged 
and accounted for to best inform selection of climate adaptation stra-
tegies. It is important to note that, economic analysis provides infor-
mation on appropriate investment decisions alone. To support practical 
decision-making on the efficacy of practices in relation to food security 
and climatic adaptation, vulnerability assessment needs to constantly 
precede economic assessment. Such a holistic approach will provide a 
strong focus and broaden information on prioritization in the selection 
of most appropriate climate adaptation alternatives depending on the 
nature of climatic stressors than the associated economic costs and 
benefits. This would further enhance planning and actions especially at 
the local level for subsequent higher uptake if required. 
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Murgueitio, Enrique, Ruíz, Juan Pablo, 2007. Paying for the environmental services 
of silvopastoral practices in Nicaragua. Ecol. Econ. 64 (2), 374–385. https://doi.org/ 
10.1016/j.ecolecon.2007.04.014. 
Palisade, C., 2013. Risk Analysis and Simulation Add-In for Microsoft Excel or Lotus 1–2- 
3. Release 6.1 User Guide. @ Risk. Newfield, NY. 
Ray, A., 1990. Cost Benefit Analysis: Issues and Methodologies. The World Bank, The 
John Hopkins University Press, Baltimore, Maryland, USA.  
Refsgaard, J.C., Arnbjerg-Nielsen, K., Halsnæs, K., Drews, M., Halsnæs, K., Jeppesen, E., 
Madsen, H., Markandya, A., Olesen, J.E., Porter, J.R., Christensen, J.H., 2013. The 
role of uncertainty in climate change adaptation strategies—a Danish water 
management example. Mitig. Adapt. Strateg. Glob. Chang. 18, 337–359. https://doi. 
org/10.1007/s11027-012-9366-6. 
Reid, H., Chambwera, M., Murray, L., 2013. Tried and tested: learning from farmers on 
adaptation to climate change. IIED Gatekeeper Ser. 153. 
Roobroeck, D., Van Asten, P., Jama, B., Harawa, R., Vanlauwe, B., 2015. Integrated soil 
fertility management: contributions of framework and practices to climate-smart 
agriculture. Glob. Alliance Clim. Agric. 9. 
Sain, Gustavo, Loboguerrero, Ana María, Corner-Dolloff, Caitlin, Lizarazo, Miguel, 
Nowak, Andreea, Martínez-Barón, Deissy, Andrieu, Nadine, 2017. Costs and benefits 
of climate-smart agriculture: the case of the Dry Corridor in Guatemala. Agric. Syst. 
151, 163–173. https://doi.org/10.1016/j.agsy.2016.05.004. 
Schroth, Olaf, Pond, Ellen, Sheppard, Stephen R.J., 2015. Evaluating presentation 
formats of local climate change in community planning with regard to process and 
outcomes. Landscape Urban Plann. 142, 147–158. https://doi.org/10.1016/j. 
landurbplan.2015.03.011. 
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